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(54) "Shock absorber'* . 

(57) A shock absorber has spring discs 15, 16 to close ends of fluid paths 13, 14 defined through a piston 12 for generating 
damping force in response to piston stroke in one of bounding and rebounding directions. A coli spring 27, 28 provkies 
additbnal spring force for flow restriction and thus increases damping force to be generated in response to the piston 
stroke in one of the bounding and rebounding directions. The coii springs 27, 28 are so oriented to become active in 
response to a piston stroke in a magnitude greater than a predetermined value X,, X,. 
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At least oae drawing originally filed was informal and the.print reproduced here is taken from a later filed formal cop/. 

This print takes account of replacement documents submined after the date of filing to enable the application to comply with the formal 
requrements of the Patents Rules 1982. 
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"Shock absorber" 



The present invention relates generally to a variable 
damping force shock . absorber for an automotive suspension. 
More specifically., the invention relates to a shock absorber 
which has variable damping .characteristics relative to stroke 
of' relative displacement between a vehicular body and a- 
suspension member rotatably supporting a road wheel for 
enhanced damping performance. ■ 

Japanese Patent First Publication 63-203939 discloses 
a variable damping force shock absorber which is variable of 
damping characteristics depending upon piston stroke. In the 
disclosed construction, a spring disc is provided for openably 
closing a fluid flow path formed through the. piston for' 
providing restriction for fluid flow therethrough and t.hus 
generating damping force. ,A coil spring is associated with. the 
spring disc. In the shown construction, the coil spring is 
active on the lower spring disc for exerting spring force onto 
the spring disc during piston bounding stroke. As can be 
appreciated, the spring force to be exerted to the spring disc- 
by the coil spring increases according to increasing of the 
piston stroke in bounding direction. On the other hand, the 
spring force as integrated force of the spring disc and the 
coil spring is active to depress the spring disc in a direction 
for closing the fluid flow path for permitting working fluid to 
flow from an upper fluid chamber to a lower fluid chamber. 
Therefore, at the initial stage of piston rebounding stroke 
subsequent to the piston bounding stroke, fluid force 
overcoming the integrated spring force is required.. By ihis, 
at the initial stage of the rebounding piston stroke, increased • 
magnitude of . damping .force can be .obtained. . According to 
expansion of the coil spring due to piston rebounding motion; 
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the. spring force to be exerted on the spring disc is gradually 
decreased. Such variation characteristics of the damping force 
assures vehicular driving stability. 

In such conventional shock absorber, since higher 
5 . response to the piston stroke is required, the coil spring is 
.constantly in contact with the spring disc in such a manner 
that the sprinig force exerted to the .. latter can be 
approximately zero at the piston neutral position. This means 
that 'the increased spring force is generated in response even 

10 to substantially small stroke of piston vibration. As a 
result, the integrated spring force of the coil spring and the 
spring disc is active for restricting deformation of the spring 
disc. Combination of the coil spring and spring disc may cause 
substantial increase of the spring coefficient which leads 

15 degradation of riding comfort. 

Therefore, it is. an object of the present inventior. 
to provide a shock absorber which can solve the defect in the 

prior art. ' . 

20 Another object of the invention is to provide a shock 

absorber which can. provide non-linear damping force variation 
characteristics to rapidly . build-up relatively large magnitude^ 
of damping force upon reversal of piston stroke direction and 
to maintain damping force substantially small in a piston. 
.25 • stroke range in the \/icinity of the neutral position of the 
piston. 

In order to ' accomplish aforementioned and other 
objects, a shock absorber, acording to the present invention, 
has a spring disc to close one end of a fluid path defined 

30 through a piston for generating damping force in response to 
piston stroke in one of bounding and rebounding direction. A 
* coil spring is also provided for providing additional spring 
force for flow restriction and thus increasing damping force to 
be generated in response to the piston stroke in one of the 

35 . bouinding and . rebcui nd ihg di rect ions . The coil spring- is so 
oriented to become active in response to a piston stroke in a 



magnitude greater than a predetermined value and greater than a 
piston stroke criterioa which defines neutral range of the 
piston stroke . 

According to one aspect of the invention, a variable 
damping, force shock absorber for an automotive suspension 
comprises: 

a hollow cylinder defining an interior space filled 
with a working fluid! 

a piston associated with a piston rod for thrusting 
movement therewith, the piston separating the interior space of 
the cylinder into first and second fluid chambers; 

. a first fluid passage means defining a first fluid 
passage through the piston for fluid communication between- the 
first and second fluid chambers during piston bounding stroke,* 

a second fluid passage means defining a second fluid 
passage through the piston for fluid communication between the 
first and second; fluid chambers during pxston rebounding 
stroke! . * 

a first valve means associated with the first fluid 
passage means for resiliently blocking the first fluid passage 
for restricting fluid flow therethrough, the first valve means 
being responsive to fluid pressure difference generated by the 
piston rebounding stroke for causing deformation to vary fluid 
flow restriction magnitude! 

a second valve means associated with the second fluid 
passage means for resiliently blocking the second fluid passage 
for restricting fluid flow therethrough, the second valve means 
being responsive" to fluid pressure difference generated by the 
piston bounding stroke for causing deformation to .vary -fluid 
.flow restriction magnitude! 

a first auxiliary spring means cooperative with the 
first valve means" for providing auxiliary spring force for 
restricting deformation of the first valve means,' the first 
auxiliary spring means being arranged to have an, active range 
axialiy offset in bounding direction in a first given magnitude 
so that the auxiliary-spring force becomes, active on the first 



valve means after a given maQnitude of. piston bounmding stroke^ 
and 

a second auxiliary spring , means cooperative with the 
second valve means for providing auxiliary spring force for 
restricting deformation, of the second yalve ineansft the second 
auxiliary spring means being arranged to have an active. range 
axially offset in rebounding direction in a second given 
magnitude so that the auxiliary spring force becomes active on 
the second valve means ^ after a given magnitude of piston 
bounmding stroke. 

The present invention will be understood more fully 
from the detailed ' description given- herebelow and from the 
accompanying drawings' of the preferred, embodiment of the 
invention, . which, .ho^*ever, should not be taken to limit, the 
invention to the specific embodiment but are for explanation 
and understanding only. 

• In the drawings: . . 

Figs; 1(A), 1(B) and 1(C). are series of .sections 
showing the f i rst ^embodiment of a variable damping force- shock 
absorber according to the present invention; 

Fig. 2 is a partial section showing the . first 
embodiment of the shock absorber in ' rebounding stroke; 

Fig. 3 is a partial section showing the first 
embodiment of- the shock absorber in bounding stroke; 

Figs. 4(A), 4(B) and 4(C) ace chart showing damping 
force variation characteristics at various stroke points of a 
piston ; ' 

Figs. 5(A), 5(B) and 5(C) are series of sections 
showing of the second embodiment of a variable damping force 
shock absorber according to the present invention; 

Figs. Sih) i 6(B) and 6(C) are chart showing active 
ranges of coil springs relative to piston stroke; 

Figs. 7fA), 7(B) and 7(C) ace chart showing damping 
force variation characteristics at various stroke points of a 
piston in the second embodiment of the shock absorber; 



Fig. 8 is a partial section of a modification of the 
second embodiment of the shock absorber! 

Fig. 9 is a chart showing variation characteristicis 
of damping force, to be generated by a bottom valve assembly in 
the shown embodiment! 

Figs. 10(A), 10(B) and 10(C) are series of sections 
showing the third embodiment of a variable damping force shock 
absorber according to the present invention," 

Figs. 11(A) and li(B) are partial sections, of the 
.third embodiment of the shock absorber, showing activity of an 
auxiliary coil spring during piston rebounding stroke^ 

Figs. 12(A), 12(B) and 12.(C) are. chart showing, active 
ranges of springs; and 

Figs. 13(A) , 13(B), 13(C), and 13 (D) are chart showing 
dafT.pinG, force variation characteristics at various stroke 
points of a piston in the third embodiment of the shock 
absorber . 

. Referring now to the drawings, particularly to Figs. 
1(A), KB) and 1(C), therfirst embodiment of a variable damping, 
force shock absorber, according to the present invention, is, 
illustrated in a form divided into three different portions. 
The shown embodiment is directed to a twin tube type double 
action shock absorber, which comprises an inner cylinder tube 1 
-defining a hollow space therein, and an outer cylinder tube 2 
coaxially arranged with the inner cylinder tube and defining 
therebetween a cross-sect ionaily annular reservoir chamber 8. 
The top end of the inner and outer cylinder tubes 1 and 2 are 
closed by closure plug la in liquid tight fashion. The closure 
plug la carries a bumper retainer 6 which retains a rebounding 
bumper 5 made, of rubber, synthetic rubber or equivalent 
resilient or elastic material. Opposing the rebounding bumper 
5, a rebounding . stopper 4 is fixedly secured on a piston rod 3 
so as to restrict rebounding stroke of the piston rod, as shown 
in Fig; 1(B). A seal ring 9. is also provided for establishing 
liquid tight seal between the outer periphery of the piston, rod . 
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3.' . . . • 

A bottom valve asembly 7 is fitted onto the lower end 
of the inner cylinder 1 for separating the interior space of 
the inner cylinder arid the reservoir chamber 8. The reservoir 
5 chamber 8 includes. a gas chamber filled with a gaseous working 
medium for accumulating working liquidus medium which will be 
hereafter referred to as working fluid. 

A piston. 10 is secured onto the lower end of the 
piston rod 3 by means of ,a mounting bolt 11 for thrusting 

10 .movement together with the piston rod 3. The piston 10 
separates the interior space of the inner cylinder tube 1 to 
define upper and lower fluid chambers la and lb which are 
filled with working fluid. The piston 10 has a piston body 12 
which internally defines a fluid path -13 for fluid flow from 

15 the upper fluid chamber la to the lower fluid chamber lb during 
piston bounding stroke, and a fluid path 14 for fluid flow from 
the lower fluid chamber lb to the upper -fluid chamber la during 
piston rebounding stroke. The former fluid path 13 will be 
hereafter referred to as ' 'bounding s t roke path''. Also, the 

20 later, fluid path 14 will be hereafter referred to as 
"rebounding stroke path". An uppr valve plate 15 is provided 
in opposition to inner and outer annular grooves 13a and 13b 
formed on the upper surface of the piston body 12. The inner 
annular groove 13a is in fluid communication with the upper 

25 fluid chamber la via one or more radial path 13c. On the other 
hand, the outer annular groove 13b is in fluid communication 
with the upper end opening of the bounding fluid path 13. The 
upper valve plate 15 is thus resiliently closes the upper end 
ot. the inner and outer annular grooves 13a and 13b. A lover 

30 valve plate 16 is also provided in opposition- to the lower 
surface of the piston body 12 for resiliently closing inner and 
outer annular grooves 14a and 14b. The inner annular groove 
.i4a is in c immunica t ion with the lower end opening of the 
rebounding stroke path 14, On the other hand» the outer 

35 annular groove 14b is in fluid communication with the inner 
annular groove 14a. via one or more radial .orifices . 14c . 



The upper valve plate 15 is formed of a resiliently. 
deformable leaf spring so as to resiliently establish sealing 
contact with the associated portion of the upper surface of the 
piston body 12. The upper valve plate 15 is associated with a 
coil spring 20 disposed . between a spring seat 18 and a spring 
retainer 19 so as to exert spring force to the- iipper valve 
plate 15. A smaller diameter disc 17 is interposed between the 
spring seat 18 and the upper valve plate 15 for uniformity of 
distribution of the spring force. Similarly, the lower valve 
plate-. 16 is formed of a resiliently deformable leiaf spring. 
The lower valve plate 16 is associated with, a coil spring . 23 
interposed between a spring seat. 22. and the bolt head of the 
mounting bolt 11. A. smaller, diameter disc 21 is disposed 
between the spring seat 22 and the lower valve plate 16 for 
uniform dis t ribution . of the spring force. 

' An upper auxiliary coil spring 27 is disposed within 
the upper fluid chamber la. The upper auxiliary coil spring 27 
is seated onto the bumper retainer 6 at the upper end '27a and 
ctnto an annular spring seat member 29. On the other hand, a 
lower auxiliary coil spring 28 is diposed within the lower 
fluid chamber lb. The lower auxiliary coil spring .28 is seated 
on a bottom valve body 7a at the lower end -28a and onto an 
•annular spring seat member 30. Respective of the lower end 27b 
and the upper end 28b. of the upper and .lower auxiliary coil 
springs 27 and 28 are secured on respectively associated 
annular spring seat members 29 and 30 by the projections 29a 
and 29b .radially extending from the outer peripheries. The. 
annular spring seat members 29 and 30 are formed with radiually 
extending flanges having diameters substantially coincident 
with the internal diameter of the inner cylinder tube 1. 
Axiaily extending grooves 31 and 32 are. formed on the outer 
periphery of the flanges of the annular spring seat members 29 
and 30' for minimizing resistance of axial movement thereof. 
The upper auxiliary coil spring 27. and the annular spring seal 
member 29 form an .upper spring, assembly, and the lower 
auxiliary coil spring 28 and the annular fSpriag seat member 30 
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form a lower spring assembly 26- As can be seen, the inner 
. diameters of the annular spring seat members 29 and 30 are so 
Sjelected as to be greater than the external diameters of the 
spring seats 18 and 22 and thus to contact with the portion of 

' 5 the upper and lower valve plates in the vicinity of the outer 
circumferences. • . . 

As can be seen, the length of the upper and lower 
auxiliary coil springs 27 and 28 are so selected as to place 
the annular valve seat members 29 and 30 in a distanced 

10 position at initial distances and when the piston 10 is 
in the neutral position and when the coil springs 27 and 28 are 
fully expanded. The distance and x^ defines piston stroke, 
ranges where non of the upper and lower spring assmb^ies 25 and 
26 is acitve to exert the spring force for .restricting 

15 deformation of the associated one of the upper and lower valve 
plates 15 and 16.. As shown in Fig. 2, when the piston 10 
strokes in bounding direction- in a magnitude of. stroke beyond 
the distance x^, the .uppec spring seat member 29 comes into 
contact with the upper valve plate 15 to exert the spring 

20 force. On the other hand, as shown in Fig. 3, when the piston 
strokes in .rebounding direction in amagnitude of stroke beyond 
the distance x^* the lower spring seat member 30 comes into 
contact with the lower valve plate 15 for exerting spring 
force. In other words, as long as the piston stroke magnitude 

25 is smaller than the distance x^ and x^, the auxiliary coil 
springs 27 and 28 are held not active. 

In the practical shock absorbing operation in piston 
bounding and rebounding stroke, flow restriction magnitude by 
the valve plate 15 and 16 at the initial stage of piston stroke 

30 within the range between x^^ and x^, is principally determined 
by the deformation magnitude of the valve plates 15 and 16- In 
the shown embodiment, the radial orifice 14c having . constant 
path area generates damping force which is variable in a rate 
.proportional to square of the piston stroke speed in response 

35 to the piston rebounding stroke. At the same time',, the 
variable.orif ice' defined. between" the lower valve plate 16 and a 
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contact surface 14e on this lower surface of the piston body 12, 
generates damping force which • is variable in a rate 
proportional to 2/3 power of the. piston stroke speed. Since 
the contant orifice and the variable orifice are arranged in 
5 tandem or series, the integrated damping characteristics within 
the range defined between the points a which is distanced by a 
distance x^^ from the neutral point IG, and b which is distanced 
by a distance from the neutral point IG, becomes 

. . substantially, linearly proportional to the piston stroke speed,. 

10 as shown in Fig. 4(B), 

On the other hand, when the piston 10. strokes across 
the point a in rebounding stroke, the upper auxiliary coil 
spring 27 becomes active to exert the spring force onto the 
-upper valve plate 15, The spring f orce. exer ted on'the. upper 

15 spring force restcict magnitude of deformation of the upper 
valve plate 15. Therefore, when the piston stroke direction is 
switched from the rebounding direction to bounding direction, 
the upper valve plate 15 .is restricted in deformation. 
Therefore, damping force. to be generated at the intial stage of 

20 piston bounding stroke becomes great. Sunsequen tly , the 
variation ratio of the damping force in piston bounding stroke 
is gradually decreased according to decreasing of the. spring 
force of the upper auxiliary coil spring 27, as shown in Fig. 

: 4(A) . ■ ■ 

25 On the other hand, when piston strokes in bounding 

dieection, since the constant orifice is. not formed., the 
variation characteristics in a stroke range smaller than or 
equal to x^. damping Corce to be generated vaires in proportion 
to 2/3 power of the piston stroke speed.. Therefore, softer 

30 ■ suspension characteristics than that obtained in the piston 
rebounding stroke can be obtained. Similarly to the 

aforementioned activity in the piiston rebounding stroke, the 
lower valve plate 16 comes into contact with the lower spring 
seat member 30 when the piston strokes across the point b. By ; 

35 this the spring force of the lower auxiliary coil spring 

becomes active oh the lower valve plate 16.- therefore, at the -'^ 
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initial . stage of bounding stroke switched frdin rebounding 
strokci greater variation rate of the damping force, as. shown 
in Fig. 4{C) is obtained. 

As will, be appreciated from the discussion given 
5 hereabove, substantially soft suspension characteristics can be 
obtained in response to relatively small magnitude of vibration 
which: maintain the' piston ' stroke within the range between 
points a and b. when the vibration magnitude is relatively 
greate to cause the piston; stroke out of the aforementioned 

10 range, increased damping force can be generated at the initial 
stage of return stroke for effectively absorbing, vibratipn 
energy. Therefore, shown embodiment can achieve both of the. 
riding comfort and driving stability. 

Figs. '5(A) through 5(C) shows the second embodiment 

15 of. the variable damping force shock absorber according to the 
present invention. In this embodiment, common components to 
that in' the former embodiment .will be represented by the same 
reference numerals to the former embodiment. The shown 
embodiment is principally differentiated from the former 

20 embodiment in the configuration of the. spring seats 40 and 42. 

As can be seen by comparison of Fig. 5(A) and Fig. 
KA) , the spring seats 40 and 42 has greater diameter than that, 
of the former embodiment. Respective spring seat .40 and 42 has 
inner seat surfaces 40a and 40b for receiving the coil springs 

25 20 and 23. and an outer seat surfaces 40b and 42b, The outer 
seat surfaces 40b and 42b are oritented at higher elevatiation 
relative to the associated surface of the piston body and is 
designed tc contact with the upper and .. lower spring seat 
members 29 and 30. 

30 Therefore, in the shown embodiment, the upper and • 

lower auxiliary springs 29. and 30 are active on the upper and 
lower valve plates 15. and 16 yia the smaller diameter discs 17 
and 21. Therefore, similarly to the former embodiment » the 
upper coil spring 27 becomes active in response to the piston 

3 5 bounding stroke greater than x^. as- shown in Fig. 6 (B), and the 
lower coiul spring 28 becomes active in response to' the piston 



rebounding stroke greater than x^i as shown in Fig. 6(C)- As a 
result, the spring force to be exerted on the valve plates ,15 
and 16 varies according to the characteristics of Fig. 6 <A) . 

As a result, the damping characteristics at respective stroke 
5 points a, IG and b can be differentiated as shown in Figs, 
7(A). 7(B) and 7(C). Therefore, the shown embodiment can 
provide equivalent damping characteristics as that achieved by 
the former embodiment, as can be seen from Fig, 9. 

Though the shown embodiment is directed to the flow 

10 resricting construction in the piston valve, the idea of the 
invention will be applicable not only for the piston valve but 
also for the bottom valve. 

Fig. 8 shows a modification of the second embodiment 
of the shock absorber, in which the preferred cons truct ion of 

15 the auxiliary spring construction is applied to the bottom 
valve. In this construction, the bottopm valve assembly 50 has 
a base body 53, a stationary valve plate 52, a check valve 54, 
a cylindrical sleeve 55, a lower valve retainer 56, a variable 
valve plate 57, an' upper valve retainer 58, a spring seats. 59 

20 and a valve spring 60 assembled into a valve assembly by means 
of a bolt 51. The upper and lower valve, retainers 56 and 58 
are formed with a fluid path openings 56a and 58b. The lower 
end of the fluid path opening 58a is resiliently closed by the 
variable valve plate 57. On the other hand, the lower end of 

25 the fluid path is in communication with a fluid path 62 via an 
. opening formed through the check valve 55. The lower end of 
the fluid path 62 is resiliently closed by the stationary valve 
plate 52. On the other hand, the base body 53 is formed with a 
fluid path opening 63, upper end of which is closed by the 

30- ■ check valve 54. The fluid path opening 63 is in communication 
with the lower fluid chamber via a clearance c defined between 
the inner periphery of the inner cylinder 1 and the outer 
periphery of the lower valve retainer 56. 

In the shown embodiment, an extension flange 59a is 

35' formed with the spring seat 59 for receiving the lower end of 
the lower auxiliary spring 28. -While the piston 10. strokes 
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within the range between x^^ and x^, the spring force may not be 
exerted onto the spring seat 59. On the other hand, if the 
piston stroke becomes greater beyond the point x^* the spring 
force of the lower auxiliary spring 28 becomes effective on the 
S spring, seat , 59 and thus active on the upper spring seat 56 for 
restricting deformation thereof. 

As c^n be appreciated, the shown construction, is 
active for generating greater increasing ratio of the damping 
force in response to the piston bounding stroke subsequent to 

10 the piston rebounding stroke in relatively great magnitude. 

Figs. 10(A), .10(B) and 10(C) show the third 
embodiment .of the variable damjping force 7 shock absorber 
according tp the present invention. In this embodiment, an 
upper spring seat si> is provided for receiving the upper end of 

15 the coil spring 20. Also,, a lower spring seat, 62 is provided 
• for receiving the lower end of the coil spring 23. As can be 
seen from Fig. 10(A), the distance between the annular spring 
seat members 29 and 30 and the mating surfaces 60a and 62a are 
respectively and'x^- Oh the other hand, the distances of 

20 the circumferential edge portion of the upper arid lower spring- 
seats 60 and 62 and the associated valve plates 15' and 16 are 
respectively x^ and x^. The ' upper and lower auxiliary spring 
assemblies 25 and 26 are thus initially active on these upper 
and lower spring seats 60 and 62 when piston stroke becomes 

25 greater than as shown in Fig. 11(A). Then, by f u c ther pi s ton . 
stroke, the spring seat 60 and 62 comes into contact with the 
associated valve plate 15 and 16, as shown in Fig. 11(B). 

With this* construction substantially, the same or 
egui.valent' effect .to the former embodiment can be obtained'. 

30 .Furthermore, variation of spring force varying variation ratio 
twice at respective points a, b and c> d as illustrated in 
Figs. 12(A) through 12(C) can be obtained. By variation of 
spring characteristics as set forth, variation of the damping 
force as illustrated in Figs.. 13(A)", 13 (B) , 13 (C) , 13(D) can be 

35 obtained. As can be appreciated, herefrom, with the shown 
construction, substantially great damping force can be obtained 
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in the return stroke after bounding or rebounding stroke beyond 
the predetermined magnitude. 

Therefore, according to the invention, relatively 
soft suspension characteristics can be provided in response to 
substantially small magnitude of vibration and can provide 
sufficient damping force in response to the vibration beyond a 
predetermined magnitude. Therefore, the present invention 
fulfills. all of the objects and advatages sought therefor. 

While the present, invention has been disclosed in 
terms of the preferred embodiment in order to facilitate better 
understanding of the invention, it should be appreciated that 
the invention . can be embodied in various ways without departing 
from the principle of the invention. Therefore, the invention 
should be understood to include all possible embodiments and 
modifications to the showR embodiments which can be embodied 
without departing from the principle of the invention set out 
in the appended claims. 



WHAT IS CLAIMED IS: ; 

1. A variable damping force shock absorber for an 

automotive suspension comprising: 

a hollow cylinder- defining an interior space filled 
with a working fluid^ 

a piston associated with a piston cod for thrusting 
movement therewith, said piston separating said interior space 
of said cylinder into first and second fluid chambers!' 

a first fluid passage means defining a first . fluid 
passage through said piston foe fluid communication between 
said first, and second fluid chambers during piston bounding 
stroke ! . . 

a second fluid passage means defining a second fluid 
passage, through said piston for ..fluid communication between 
said first and second fluid chambers during piston rebounding 
stroke J . 

a first valve means associated with said first fluid 
passage means for resiliently blocking said first fluid passage- 
for restricting fluid flow therethrough, said first valve means 
being responsive to f.luid pressure difference generated by said 
piston rebounding stroke for causing deformation to vary fluid 
flow restriction magnitude j . ' 

a second valve means associated with said second 
fluid passage means' for resiliently blocking said second fluid 
passage for restricting fluid flow therethrough, said second 
valve means., being responsive to fluid pressure difference 
generated by said piston bounding stroke for. causing 
deformation to vary fluid flow restriction magnitude! 

a first auxiliary spring means coopecative with said 
first valve means for providing auxiliary spring force fo,r 
restricting, deformation of. said first valve means, said first 
auxiliary spring means being arranged to have an active r^nge 
axially offset in bounding direction in a first given magnitude 
so that said auxiliary, spring force becomes active on said 
first valve means after a given magnitude of piston bouhmding 
stroke! and. 
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a second auxiliary spring means cooperative with said, 
second valve means for providing auxiliary spring force for 
restricting deformation of said second valve means, said second 
auxiliary spring means being arranged to have an active range 
;5 axially offset in rebounding direction, in a second given 
magnitude so that said auxiliary spring force becomes active on 
said second valve means after a given magnitude of piston 
bounding stroke. 

10 2. A shock absorber substantially as hereinbefore described 
with reference to, and as shown in, Figs. 1 to' 3/ or Figs. 1 
to 4, or Fig.. 5, or Figs. 5, to 7/or.Figs. 5(A), 5(B) and 8, 
or Figs. 5(A), 5(B), 8, and 9, or Figs. 10 and 11, or Figs. 10 
to 13 of the accompanying drawings. 



Published 1 990 at The P&tem OtQce. StAte House. 66-7 1 High Holborn. London WCl R 4TP. I^l^tae^ copies may be obuuned trom The Patent OtBce. 



